Background: Metabolic syndrome (MS) is known to increase the risk of various cardiometabolic diseases and insulin resistance (IR) has known to have central role in the development of MS. Many surrogate indices of IR have been proposed and the detection of MS might be a suitable model for assessing the accuracy of surrogate indices. The aims of our study are to invest the most appropriate index by assessment of the diagnostic capacity of IR among each surrogate index and identifying cut-off values for discriminating uncomplicated MS in Korean adults. Methods: A cross-sectional study was performed, assessing 294 Korean adults, 85 of whom were diagnosed with uncomplicated MS. The sensitivities and specificities of five surrogate IR indices were compared to discriminate MS from healthy subjects; these included fasting serum insulin, homeostasis model assessment-insulin resistance index, quantitative insulin sensitivity check index, McAuley index, and Disse index. Correlations between each index value were assessed using Pearson's and Spearman's correlation methods. Results: The McAuley index showed the highest area under the curve (0.85), specificity (86.12%), accuracy (82.31%), positive predictive value (68.13%), and negative predictive value (88.67%) to distinguish MS, with a cut-off point of 5.3 defined. Correlation coefficients of the five indices showed that the McAuley index had the strongest correlation with IR. Conclusion: The McAuley index showed the best accuracy in the detection of MS as a surrogate marker of IR. To establish more effective and accurate standards of measuring IR, comprehensive and multi-scaled studies are required.
INTRODUCTION
Metabolic syndrome (MS) is clinically identified as a cluster of cardiovascular risk factors and metabolic imbalances such as central obesity, dyslipidemia, impaired glucose tolerance and dysregulation of blood pressure. 1) MS increases the risk of cardiometabolic diseases, including type II diabetes and cardiovascular disease. 2) Furthermore, the prevalence of MS is increasing steadily in several Asian countries 3) owing to the influence of socioeconomic westernization, resulting in problems such as increasing obesity 4, 5) and reduced physical activity. 6) According to data from the Korean National Health and Nutrition Examination Survey (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) , the age-adjusted prevalence of MS in
Korean adults has rapidly increased in recent years, from 24 .9% in 1998 to 31.3% in 2007. 5) Although the precise mechanism of MS pathogenesis is still unknown, many studies have revealed that insulin resistance (IR) and related factors have a central role in the development of metabolic dysfunction. 7) As IR is a central factor in the development of MS, the detection of MS may provide a suitable model to assess the risk factors of IR, allowing preventative management of diseases such as diabetes.
The hyperinsulinemic euglycemic clamp technique (HIEG) is gen-
erally accepted as the best available direct method to assess insulin sensitivity. 8) However, this method has many clinical limitations, including higher cost and the requirement for invasive procedures. Several investigators have therefore proposed various indirect indices of IR (or insulin sensitivity) based on the measurement of biochemical values such as fasting blood glucose, fasting serum insulin, and lipid subtypes. The previously validated homeostasis model assessment-insulin resistance index (HOMA-IR) 9, 10) and the quantitative insulin sensitivity check index (QUICKI) 11) are the most widely used surrogate measures of IR. However, these indices only reflect the feedback between fasting serum insulin and glucose. Recently, other studies have shown that insulin sensitivity can additionally be influenced by other factors such as excess adiposity and dyslipidemia. 12) Based on these factors, alternative surrogate markers have been developed to measure IR, which better reflect lipid profiles such as triglyceride (TG) (McAuley index) 13) or free fatty acid (FFA) (Disse index). 14) Several recent investigations have provided evidence that these indices better correlate with IR.
There have been a number of studies reporting the influence of racial and environmental factors in insulin secretory capacity and insulin sensitivity. 15) The most common type of dyslipidemia in Korea has been reported to be hypertriglyceridemia, 16) which is a considerable differentiating factor from western countries. Previously published comparative studies have assessed HOMA-IR, QUICKI, and fasting serum insulin to measure IR using MS criteria among the Korean population. 17, 18) However, there have been no studies reported to date that have investigated the efficacy of alternative indices for the detection of MS as a marker of IR among the Asian population.
We therefore investigated the diagnostic capacity of several surrogate markers of insulin sensitivity including HOMA-IR, QUICKI,
McAuley index, and Disse index to discriminate uncomplicated MS from normal controls. The ability of these indices to detect increased metabolic risks among Korean adults was assessed.
METHODS

Participants
A total of 492 participants were recruited for this study (79.7% female).
Participants were recruited from those undergoing a medical check- were included in the study.
Measurements
Blood pressure was measured with a standardized mercury sphygmomanometer using the patient's right arm after they had been in a sit- As the Disse index value is always calculated below zero, increase of the value corresponds to decrease in IR.
Definitions of Variables
Statistical Analysis
All data were analyzed using SAS ver. 9.1 (SAS Institute Inc., Cary, NC, USA). Values are described as the mean±standard deviation for normally distributed data. Values for serum FFA were logarithmically transformed to eliminate the skewness of distribution. The clinical characteristics of the total study population and each subgroup were compared using an independent samples t-test and Mann-Whitney U-test for continuous variables or a chi-square test for categorical variables. P-values <0.05 were considered statistically significant.
As all of the five IR indices showed statistically significant differences between the MS and non-MS subgroups, the accuracy of each index in the discriminating MS was further assessed using receiver-operating characteristic (ROC) analysis to obtain the area under the ROC curve (AUC). Comparison of AUCs was performed using DeLong method.
Youden's method was used to find an optimal cut-off point on the ROC curves to maximize the sensitivity and the specificity of each of IR indices. Table 1 .
DM. Comparison of the patient demographic characteristics between MS and non-MS groups is shown in
Clinical laboratory characteristics were found to significantly differ across MS and non-MS groups (Table 2) (Table 3) .
Sensitivity, specificity, accuracy, positive predictive value (PPV), and negative predictive value (NPV) of each IR index for discriminating MS are shown in Table 4 . Youden's method was used to determine optimal cut-off values, maximizing the sum of sensitivity and specificity. The 14) suggested that the substitutive index using serum FFA (Disse index) provided the best accuracy to identify IR. Currently, many experts insist, however, that the suitable surrogate index should be 'selected' with consideration of the individual aspects of the study being performed. 25, 27) In this study, we focused on the ability of newly suggested markers to screen for uncomplicated IR in individuals, and compared these with traditional IR markers. The outcomes of our study are consistent with these previous investigations. Ascaso et al. 28) found that the McAuley index was more specific and sensitive in the assessment of IR compared to QUICKI. Another study assessing the non-diabetic offspring of diabetic individuals reported the highest AUC for MS detection using the McAuley index. 29) In a study of newly diagnosed subjects with type II DM, comparison of fasting serum insulin and the McAuley index to identify IR showed that both tests had high specificity but relatively low sensitivity, in results, measuring dyslipidemia is likely to be a good reflection of early uncomplicated, metabolic dysfunction, even in those still able to preserve hepatic glucose uptake.
Our study has several limitations. Firstly, HIEG was not performed in our study, and thus, IR could not be directly confirmed. Secondly, the cross-sectional design of our study limited the ability to determine disease causality. As we studied a small population who visited a hospital for a health check-up, including for management obesity management, our results cannot be generalized to the entire population.
Thirdly, women accounted for a larger proportion of participants than men. Further prospective large-scaled studies should be performed to determine the precise role of IR indices in detecting MS in the future.
In conclusion, the McAuley index is the most reliable and accurate tool to detect MS as a marker of uncomplicated IR in Korean adults.
Although we could not determine disease causality, our results collectively suggest that the assessment of hepatic lipid metabolism, including TG, may be useful in the detection of IR prevalence. Further studies are required to understand the clinical and pathophysiological significance of our findings.
